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(54) STENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a stent which enables effective use for a lumen 
and causes no damage thereto. 

SOLUTION: A stent used for a lumen of a human being or an animal has a roughly 
tubular body made of a shape memory alloy which is treated to manifest a high elasticity 
having an inflection point in a stress-strain curve under a load so that the body can be 
deformed inward and formed into a horizontally compressed shape to be inserted into the 
lumen, and then, returned to the original shape to support the lumen in contact therewith. 
The shape memory alloy contains nickel and titanium and at least one additional element 
selected from the group consisting of niobium, hafriium, tantalum, tungsten and gold at a 
content of about 3-20 atom% based on the total weight of the alloy component. The ratio 
of a stress at the inflection point under a load to a stress at the inflection point \mder no 


load on the stress-strain curve is at least about 2.5:1. A difference between the stress at 
the inflection point under a load on the stress-strain curve and the stress at the inflection 
point under no load is at least about 250 MPa after the deformation to 10% strain. 
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[Claim(s)] 

. [Claim 1] Are a stent for using it by inner ** of humans or an animal, and it has the in 
general tubular main part made from the shape memory alloy processed so that the high 
elasticity which has the point of inflection on a stress-strain curve at the time of load 
might be shown. It can be considered as the horizontal compression form for changing 
said main part inside and inserting in inner then, it can retum to the original form, and 
can make said inner ** able to contact, among those can support **, and said shape 
memory alloy Nickel, The stent containing titanium and at least one addition element 
chosen from the group which consists of niobium of about 3 atom % or about 20 atom %, 
hafnium, tantalum, tungsten, and gold based on the gross weight of alloy composition 
further. 

[Claim 2] Are a stent for using it by inner ** of humans or an animal, and it has the in 
general tubular main part made from the shape memory alloy processed so that the high 
elasticity which has the point of inflection by a stress-strain curve at the time of load 
might be shown. It can be considered as the horizontal compression form for changing 
said main part inside and inserting in inner **. Next, the stent whose ratio of the stress in 
the point of inflection at the time of the stress opposite non-load in the point of inflection 
at the time of the load on a stress-strain curve it can retum to the original form, and said 
inner ** can be made to be able to contact, among those ** can be supported, and is 
about 2.5:1 at least. 

[Claim 3] it was made from the shape memory alloy processed so that the high elasticity 
which is a stent for using it by inner ** of humans or an animal, and has the point of 
inflection by a stress-strain curve at the time of load might be shown — [ a tubular main 
part / have and ] in general It can be considered as the horizontal compression form for 
changing said main part inside and inserting in inner **. Next, the stent whose 
differences between the stress in the point of inflection at the time of the load on a stress- 
strain curve and the stress in the point of inflection at the time of non-load it can retum to 
the original form, and said inner ** can be made to be able to contact, among those ** 
can be supported, and are about 250 MPa(s) at least after changing to 10% of distortion. 


[Detailed Description of the Invention] 
[0001] 


[Field of the Invention] This invention relates to a stent (STENT). 
[0002] 

[Description of the Prior Art] A stent is used by inner ** of a human body or the body of 
an animal. If arranged proper at inner **, a stent contacts the wall of the inner **, and the 
wall can be supported or it can push the wall outside. 

[0003] The stent can make a stent from a flexibly compressible horizontally material so 
that it may recover outside and the wall of** (retum) and inner ** can be contacted, 
when compressive force is removed. With the high elasticity obtained from a shape 
memory alloy as a result of the transformation between martensite (martensite) ** and Os 
Tena Ito (austenite) **, a stent becomes what suited this use well. [ the character of a 
superelastic transformation of a shape memory alloy ] T.W. "Engineering view 
"Engineering Aspects of Shape Memory Alloys" of a shape memory alloy" of 
Butterworth-Heinemann (1990) by Duering and others It is discussed by 370 pages. The 
contents indicated by that literature are included in this Description by using that 
literature as Reference documents. 

[0004] Distortion increases on an abbreviation straight line target with stress with the 
transformation of the 1st of a shape memory alloy at the beginning. This action can be 
returned and corresponds to the conventional elastic deformation. Then, even if distortion 
increases, in the range of distortion restricted to the terminal point of "a loading plateau 
(flat region of load)", it is not increased at all whether stress hardly increases. Loading 
plateau stress is defined by the point of inflection on stress / distortion graph. Then, 
increase of distortion will increase stress, load — removing (unloading) — stress dives 
with the fall of distortion till the starting point (clearly shown by existence of the point of 
inflection) of "the imloading plateau (flat region of non-load)" where stress hardly 
changes with the fall of distortion. To the last point of the flat region of non-load, stress 
dechnes with the fall of distortion. The flat region stress of non-load is also defined by 
the point of inflection on stress / distortion graph. All remains distortion after removing 
load to stress zero is permanent distortion of a sample. [ the loading plateau, the 
unloading plateau, the elastic modulus, plateau length, and permanent distortion (it 
defines to all the specific modification) which are ttie characteristic of this modification ] 
For example, it is established and defines as 376 pages of "engineering view 
"Engineering Aspects of Shape MemoryAUoys" of a shape memory alloy." 
[0005] 

[Means for solving problem] The stress distortion action of the shape memory alloy 
component (ingredient) in which high elasticity is shown can show the hysteresis 
(hysteresis) which is larger than the stress on which the stress applied by predetermined 
distortion at the time of load (loading) acts by the distortion at the time of non-load 
(unloading). When utilizing the high elasticity of a shape memory alloy component, 
generally it is desirable to make the difference between the stress on the capacity chart in 
a modification cycle and the stress on a non-capacity chart into the minimum (that is, to 
make a hysteresis into the minimum). However, according to this invention, it turned out 
that it is advantageous in a stent to use the alloy in which a big hysteresis can be shown in 
the cycle of load and non-load. This can be obtained by using a nickel titanium alloy as a 
base and adding 3rd at least one element among niobium, hafiiium, tantalum, tungsten, 
and gold. 

[0006] Therefore, this invention is a stent for using it by inner ** of himians or an animal. 


It has the in general tubular main part made from the shape memory alloy processed so 
that the high elasticity which has the point of inflection by a stress-strain curve at the time 
of load might be shown. It can be considered as the horizontal compression form for 
changing said main part inside and inserting in inner **, it can return to the original form, 
and can make said inner ** able to contact, among those can also support **, and [ said 
shape memory alloy ] The stent containing nickel, titanium, and at least one addition 
element chosen from the group which consists of niobium of about 3 atom % or about 20 
atom %, hafiiium, tantalum, tungsten, and gold based on the gross weight of alloy 
composition ftulher is offered. 

[0007] When the 3rd specific element is used for a nickel titanium alloy, there is an 
advantage that the stent obtained can show a hysteresis with a large stress-distortion 
action in the cycle of load and non^load. This is advantageous at especially the stent for 
using it within inner ** of the body of hvmians or an animal. The inner ** can be moved 
with the stent in the form compressed horizontally, a stent can be flexibly extended from 
the form, and inner ** is contacted, among those ** is supported. That a hysteresis is 
large has the comparatively high power for inner of taking the stent once arranged at the 
suitable place of inner ** to compress horizontally, and the outward power in which it is 
going to recover a stent in the original form where it does not change, and a stent acts on 
inner ** on the other hand means the comparatively small thing. This also means 
resisting again to compression by the power (it becoming with a problem in inner ** near 
the surface like especially the artery of a thigh or a head) which lasts from the outside. 
Furthermore, it also means that it does not happen easily that the outward power to inner 
** in which a stent is big acts, and inner ** is distorted inconvenient. 
[0008] measuring the ratio of the stress in the point of inflection at the time of the stress 
opposite non-load in the point of inflection at the time of the load on a stress-strain curve 
by body temperature, if the above-mentioned specific alloy is used - about 4:1 [ for 
example, ] - at least — about 2.5:1— desirable ~ about 3:1 - it can be more preferably 
referred to as about 3.5:1. With the relation between stress, the combination of the 
resistance to compression of ** in stent support and the outward small power which 
cannot transform inner ** easily is acquired as mentioned above at the time of stress and 
non-load at the time of the load in the cycle of load and non-load. 
[0009] Therefore, this invention is a stent for using it by inner ** of humans or an animal 
in respect of others. It has the in general tubular main part made from the shape memory 
alloy processed so that the high elasticity which has the point of inflection by a stress- 
strain curve might be shown at the time of load. It can be considered as the horizontal 
compression form for changing said main part inside and inserting in inner **. Next, it 
can return to the first form, and said inner ** can be made to be able to contact, among 
those ** can be supported, and the ratio of the stress in the point of inflection at the time 
of the stress opposite non-load in the point of inflection at the time of the load on a stress- 
strain curve measures by body temperature, and offers at least about 2.5:1 and the stent 
which is about 3:1 preferably. 

[0010] When the above-mentioned specific alloy is used, [ the difference of the stress in 
the point of inflection at the time of the load on a stress-strain curve, and the stress in the 
point of inflection at the time of non-load ] about 400 MPa(s) after changing to 10% of 
distortion - at least — it can be more preferably referred to as about 350 MPa(s) about 
300 MPa about 250 MPa. With the relation between stress, the combination of the 


resistance to compression of ** in stent support and the outward small power which 
cannot transform inner ** easily can also be acquired as mentioned above at the time of 
stress and non-load at the time of the load in a load-non-load cycle. 
[001 1] Therefore, it is a stent for using this invention by inner ** of humans or an animal 
in other fields. It has the in general tubular main part made from the shape memory alloy 
processed so that the high elasticity which has the point of inflection by a stress-strain 
curve at the time of load might be shown. It can be considered as the horizontal 
compression form for changing said main part inside and inserting in inner **. Next, it 
can retum to the first form, and said inner ** can be made to be able to contact, among 
those ** can be supported. The difference between the stress in the point of inflection at 
the time of the load on a stress-strain curve and the stress in the point of inflection at the 
time of non-load offers at least the stent which are about 350 MPa(s) more preferably 
about 300 MPa preferably about 250 MPa about 400 MPa, for example, after changing to 
10% of distortion. 

[0012] [ another significant advantage by using some above-mentioned alloys in the stent 
of this invention ] It improves compared with the degree of radiation un-penetrating of 
the nickel titanium shape memory alloy conventionally used for the stent, and I hear that 
use by the surgical operation (noninvasive) which does not do damage by that cause 
becomes very easy, and the degree of radiation un-penetrating exists. 
[0013] the alloy used with the stent of this invention — desirable - at least ~ about 3 
atom % — the addition element more than a kind of about 5 atom % is contained more 
preferably. As for the alloy, below about 15 atom % contains the addition element below 
about 10 atom % more preferably. It adds to nickel and titanium and useful alloys are two 
or more sorts of elements ([ the element ] at least one sort), if possible — all — from the 
above-mentioned group - you may choose - although you may contain, probably, the 
alloy of this invention contains nickel and titanium truly in many cases with the element 
(other material of the accompanying quantity which contains impurities, of course in 
addition to this) chosen from the above-mentioned group. The example of the suitable 
alloy for using it with the stent of this invention is nickel44Ti47Nb9. It is. The relative 
amount of the nickel ingredient in the alloy and a titanium ingredient can be chosen, 
suitable elasticity can be given, and transition temperature between the martensitic phase 
of an alloy and the Os Tena Ito ** can be made into the suitable thing for the use of the 
purpose of a stent. 

[0014] The NiTiNb alloy which can be used by this invention is partly indicated by U.S. 
Pat. No. 4,770,725. In ******, the thing about the NiTiNb alloy with which it turned out 
that processing is possible so that a large heat hysteresis may be given is indicated. And 
the contents indicated by this gazette are included in this Description as Reference 
documents. This characteristic is important for the use of the shape memory alloy using 
change of the form guided thermally. If the product made from the alloy is first 
transformed into heat unstable form from heat stable form and then it exposes to high 
temperature, while such change has an alloy in a martensitic phase It produces by 
changing from heat unstable form to the original heat stable form as an alloy retums from 
the martensitic phase to the Os Tena Ito **. 

[0015] Since the large heat hysteresis obtained by heat treatment and the mechanical 
process of the alloy indicated by U.S. Pat. No. 4,770,725 can keep a product in the 
modification form of a martensitic phase with the same temperature as the Os Tena Ito ** 


at the time of use, it is attractive for the product using heat induction type status change- 
ization. [ a hysteresis ] ahhough the large hysteresis indicated to U.S. Pat. No. 4,770,725 
gives the advantage which exists when heat induction type status change-ization needs to 
be utilized As for the large hysteresis in the stress-distortion action at the time of load and 
non-load, it is common to disagree with the characteristic of the alloy expected when the 
high elasticity needs to be utilized. 

[0016] The alloy used for a stent is processed so that suitable elasticity may be given to 
the target use. As for the processing, it is common to have the combination of a heat 
treatment process and a mechanical process process. For example, it can introduce 
nonlinear superelastic into a shape memory alloy according to the process accompanied 
by the cold work of the alloy by the process including a press, a forge, or drawing out. An 
annealing (hardening) process is performed after a cold work process, and although the 
transposition introduced by cold work joins together and transposition has consistency, 
the component (ingredient) is restrained with the form by the cold work process in a 
sufficiently high temperature. The modification introduced by cold work by this can be 
held certainly. 

[0017] The technology for introducing superelastic can change firom the above-mentioned 
technology. For example, heat treatment which takes form change which serves as form 
of a specific request by heat induction type status change-ization of the kind which 
transforms the alloy exceeding the form of a specific request, next is explained below is 
performed instead of heat-treating an alloy, restraining in the form which changed. At 
high temperature (for example, re-crystal temperature grade of an alloy), the superelastic 
introduction is performed, it cools an annealing quickly continuously, next performs heat 
treatment at low temperature. 

[0018] nickel44Ti47Nb9 As an example of the processing which can carry out to an alloy 
and can give suitable high elasticity, carrying out cold work of the product only about 
30% preferably is mentioned about 20% at least. The degree of cold work is usually less 
than about 50% preferably less than about 60%. About 40% of cold work is suitable to 
many products. As for the processing, it is preferably common to perform about 10 
minutes or more and the aimealing process generally preferably exposed to high 
temperature for less than about 60 minutes less than about 500 minutes about 1 minute or 
more, annealing temperature — about 300 degrees C or more — and — about 550 degrees 
C or more are more desirable — and less than about 550 degrees C — and less than about 
450 degrees C is more desirable. 

[0019] Af of an alloy About 10 degrees C or more and about 15 degrees C or more of 
temperature (temperature which the transformation to the Os Tena Ito ** fi-om a 
martensitic phase completes) are more desirable, and especially its about 20 degrees C or 
more are desirable. Af of an alloy 50 degrees C or less and 40 degrees C or less of 
temperature are more desirable, and especially its 35 degrees C or less are desirable. Af 
of an alloy Probably, as for temperature, it will be common to be adjusted so that it may 
become the grade which does not exceed the body temperature which a stent receives at 
the time of the use. It turned out that the stent with which transformation temperature was 
made fi-om the alloy included in one or more of the ranges of these shows suitable 
elasticity. 

[0020] Probably, as for the stent of this invention, it will be common to have the form or 
the open form which attached the opening, in order to make it easy to perform controlled 


horizontal compression, then to recover outside at the time of use, and to contact the wall 
of inner **. The form which attached the opening can be equipped with a slit or a big 
opening. The stent which has form with an opening can be made by turning off the pipe. 
The stent could also be made from a wire, using the junction technology (welding etc.) 
suitable again for the place where a wire crosses. 

[0021] The form of the opening of a stent is chosen as the suitable modification 
characteristic is shown, when arranging a stent to inner ** following it with the 
horizontal compression before use. The form needs to give the flexibility suitable at the 
time before use of use for a stent again, (a) As for that the flexibility of a stent is high 
when bending on the vertical axis, and the (b) stent, it is desirable for that it is flexibly 
recoverable from horizontal compression in order to change circularly and the radial- 
direction rigidity of the (c) stent to be especially high from an ellipse in the form, 
[0022] This stent can be made from a sheath-like object according to the process which 
has the process which removes material, leaving the material pattem equipped with a 
suitable hoop (hoop) portion and a suitable support. The character of the removal process 
is based on the material of a sheath-like object. For example, the removal process can 
include cutting of 1 times or more of material, melting, and evaporation. When making a 
stent from metal material, the removal process can use a laser cutting tool. Other 
technology used in order to form a pattem in material has Stamping (model 
aggressiveness), cutting, and etching (especially HOTOETCHINGU). 
[0023] The sheath-like object which makes a stent can be used as a tubular object, 
especially a cylinder pipe with a circular section. However, a sheath can be filled with 
core (heart) material. The core can support a sheath at the time of a removal process. 
Thereby, prevention or the damage from the place which can restrain and is cut with an 
extemal cutting tool to the opposite side of a sheath can be prevented for modification of 
a sheath at the time of a removal process. A core can be prepared as a rod which can be 
slid into a sheath. A core and a sheath may be able to be made as a single article for 
example, with cold thinning-out omission technology. 

[0024] The above-mentioned removal process is desirable in order to form the stent of 
this invention, but it may be other methods and may be able to make from a wire, for 
example by welding. The stent of this invention could be manufactured, for example by 
bending or welding again from the sheet material which can be used as a pipe. As for the 
thickness of the material of a stent, less than about 1.5mm is desirable, and its less than 
about 0.8mm is more desirable. Moreover, as for the thickness, it is desirable that it is 
about O.lmm or more, and it is more desirable that it is about 0.2mm or more. 
[0025] the maximum horizontal size (it becomes the diameter when a stent has a circular 
section) of a stent — about 40mm or less ~ and about 20mm or less is more desirable, and 
especially 10mm or less is desirable, the minimmn horizontal size of a stent ~ about 
0.5mm or more ~ and about 1mm or more is more desirable. 

[0026] The stent of this invention is arranged at inner ** in the form which horizontal 
compression was elastically carried out and the stent transformed. A stent is held in the 
form by a restricted means. The restricted means is good by a conventional catheter. By a 
suitable closet nieans like the wire which was inserted into the catheter and stuffed into 
KATERU, a stent can be taken out from the catheter in the predetermined position of 
inner**. 
[0027] 


[Mode for carrying out the invention] Drawing 1 is the figure showing the stent made 
from nickel of 44 atom %, Ti of 47 atom %, and Nb of 9 atom % from the alloy which 
becomes essential. A stent is made from the pipe of an alloy by removing the material of 
an alloy alternatively, forming the arrangement of the lozenge-like opening 4 which left 
the open arrangement (array) of the wire-like element 2, and has been arranged in 
accordance with the vertical axis 6 of a pipe, for example with the YAG laser cutter. The 
horizontal size (it will become the diameter if a pipe has a circular section) of a pipe 
fluctuates two or more of the openings by changing the form of an opening. By changing 
the angle between wire elements, the form of an opening is changeable by flattening the 
shape of a lozenge of an opening in fact, or extending. 

[0028] It processes according to the process which consists of a process which contains 
the annealing for about 10 minutes at the above [ this cut pipe ], for example, about 35% 
of cold work, and about 400 degrees C, and high elasticity is given to that alloy. The stent 
can change flexibly to distortion of about 8.5% or less as the result. And the Af 
Temperature is about 30 degrees C. 

[0029] Drawing 2 is the figure showing the stent shown in drawing 1 after the diameter 
decreases by compression. The form of the lozenge-Hke opening 4 changes with 
reduction in a diameter, and by it, an opening 4 becomes flat in the direction of the 
circumference, and is extended in the direction parallel to the axis 6 of a stent. This 
compression is elastic. For example, a stent is arranged in the state where it was 
restrained in compression form, by the catheter which arranges a stent to inside in order 
to send a stent at inner ** of a human body or the body of an animal. A stent is 
compressible with a catheter with a taper like the fiinnel which leads to a delivery 
catheter. A stent can be sent to the predetermined place in inner ** once it arranges with a 
delivery catheter. A stent can be emitted from a delivery catheter with a closet wire, using 
the technology generally known. 

[0030] Drawing 3 shows the modification action of the stent of this invention. Drawing 3 
shows how stress changes with distortion at the time of modification of a catheter. The 
action of what kind of the characteristic the stent which carried out abbreviation etc. to 
the body temperature which exposes a stent at the time of use, was in it, and has once 
been arranged at fixed temperature at inner ** shows is shown. The original modification 
of the stent to the form shown in drawing 2 from the form shown in drawing 1 may 
become the capacity chart which carried out with ambient air temperature, therefore was 
shown in drawing 3 , and the slightly different capacity chart. Point A (here, there is no 
distortion) shows the form of the cut stent as shown in drawing 1 . Compression of the 
stent to the form shown in drawing 2 is shown by the curve of the top to Point B (it has 
about 6% of distortion, and stress of about 800 MPa(s)). The limit of elastic recoverable 
modification of a stent is at Point C. That is, the stent can recover distortion applied to the 
beginning about 90% or more to Point C, and the distortion can be repeated and it can 
recover. If a stent is changed to the form shown with Point B, it can insert in the catheter 
of the small inside diameter from a diameter of 8mm to a diameter of 3mm, for example. 
By releasing a stent that there is no restraint in any way, a stent spreads along with a 
lower curve and becomes the first form at Point A. However, since recovery of a stent 
receives the restrictions by inner to which the stent was emitted at the time of use, a 
stent takes the form shown the point D on the curve of the bottom between Point B and 
Point A. 


[0031] The power of recovering further toward Point A and acting on inner ** outward 
from Point D is expressed by the stress on the Y-axis corresponding to Point D. That is, 
even if distortion falls, it is still abbreviation regularity on the level in which stress is 
comparatively low. However, in the time of compression of a stent (state which requires 
power from the exterior in inner ** near the surface), a stent follows the capacity chart of 
the dashed line which finally tends toward Point B toward an upper capacity chart. Stress 
increases quickly as distortion increases, and it becomes resistance required in order to 
support continuously to inner ** which had the stent arranged to compressive force. 
[0032] The hysteresis loop clear at the stress-distortion action shown in drawing 3 differs 
in stress greatly between the upper capacity chart and the lower non-capacity chart. 
According to this difference, as mentioned above, the stress at the time of continuous 
relief of distortion can be fixed comparatively low, and the resistance to compressive 
force can be maintained low. The differences of the stress in the point of inflection on a 
capacity chart and the stress in the point of inflection on a non-capacity chart are about 
400 MPa(s). The ratio between said stress is about 3:1. 

[0033] In addition, there are the following as a suitable embodiment of this invention. 

(1) Said alloy is a stent according to claim 1 as for which more than about 5 atom % 
contains the 3rd addition element. 

(2) Said alloy is a stent according to claim 1 as for which below about 10 atom % 
contains the 3rd addition element. 

(3) Af of said alloy Temperature is a stent according to claim 1 which is about 10 degrees 
C or more. 

(4) Af of said alloy Temperature is a stent according to claim 1 which is about 40 degrees 
C or less. 

(5) The stent according to claim 1 which becomes the circumference of said stent from 
two or more wire segments which extend in part at least. 

(6) The stent given in an embodiment (5) which has the portion which is linked to said 
direction wire segment of the circumference, and which extends in the direction of an 
axis in general. 

[0034] (7) The stent according to claim 1 arranged in a restricted means to hold said stent 
in elastic horizontal compression form. 

(8) The stent according to claim 2 whose value of said ratio is about 3:1 at least. 

(9) Said shape memory alloy is a stent containing nickel, titanium, and the 3rd addition 
element chosen from the group which consists of niobium of about 3 atom % or about 20 
atom %, hafhium, tantalum, tungsten, and gold based on the gross weight of alloy 
composition further according to claim 2. 

(10) Said shape memory alloy is a stent containing nickel, titanium, and the 3rd addition 
element chosen from the group which consists of about 3 atom % or about 20 atom % 
niobium, hafiiium, tantalum, tungsten, and gold based on the gross weight of alloy 
composition further according to claim 3. 

[0035] 

[Effect of the Invention] According to the stent applied to this invention as explained 
above, using the modification characteristic of a shape memory alloy, it can use effective 
in inner **, such as a human body, etc., and a deer does not damage **, either. 


[Brief Description of the Drawings] 

[Drawing 1] It is the sideways (eye squinting) figure of the stent in the form before the 
modification for arranging a stent with the catheter which can be sent to the request 
position of inner **. 

[Drawing 21 It is the sideways (eye squinting) figure of the stent shown in drawing 1 after 
transforming a stent into the form which can be sent to the request position of inner **. 
[Drawing 31 It is the figure showing the stress-distortion action of the stent shown in 
drawing 1 and drawing 2 in a cycle of load and non-load. 



[Drawing 2] 
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